Abstract: The objective of this study was to determine the 30-day incidence of ischemic stroke following neck dissection compared to matched patients undergoing non-head and neck surgeries.
INTRODUCTION
A surgical dissection of the neck is a common procedure performed for many types of head and neck cancer. Some patients experience an ischemic stroke in the 30 days following the procedure, which is a devastating outcome increasing the risk of perioperative mortality by 8 fold. [1] [2] [3] [4] When such a stroke occurs, this usually raises the question, to which degree was the stroke attributed to the neck dissection? A neck dissection involves hemodynamic changes, manipulation of the carotid artery, and neck extension, all of which could lead to an ipsilateral stroke. Patients, however, undergoing a neck dissection often have comorbidities, including regional radiotherapy, systemic chemotherapy, tumor-related disorders, coagulation disturbances, and susceptibility to infection, which predispose to a higher risk of perioperative stroke even if a neck dissection was not undertaken. [5] [6] [7] [8] [9] [10] Previous studies on this topic are limited by small sample sizes and single institution or regional experiences. 3, 11 Data from population-based studies provide a high level of evidence for the effectiveness and complications associated with a medical intervention. 12 Population-based studies provide the most generalizable study design and if the appropriate mechanisms for outcome ascertainment are included, population studies may capture outcomes that are missed in other retrospective studies. The goal of this study was to determine, at the population level, the 30-day incidence of ischemic stroke following neck dissection, to assess trends during time, and to evaluate the impact of manipulation of the neck by assessing the incidence in similar patients undergoing non-head and neck surgeries.
METHODS

Design and Setting
Residents of Ontario, Canada (2012 population estimate: 13,505,900) have universal access to hospital care and physician services. These encounters are recorded in large population-based linked health care databases that are held at the Institute for Clinical and Evaluative Sciences (ICES). We conducted a population-based retrospective cohort study of all patients who underwent a neck dissection between January 1, 1995 and December 31, 2012 . The reporting of this study followed guidelines for observational studies. 13 The study was approved by the Sunnybrook Health Science Centre Research Ethics Board in Toronto, Ontario.
Data Sources
We linked multiple administrative data holdings from Ontario, Canada. The Canadian Institute for Health Information's discharge abstract database (CIHI-DAD) records all admissions to hospitals and includes information on diagnoses and procedures performed. The Ontario Health Insurance Plan database (OHIP) contains information on all fee-for-service physician claims for inpatient and outpatient services. The Registered Persons Database (RPDB) contains vital statistics on all permanent residents of Ontario. The National Ambulatory Care Reporting System (NACRS) database collects data on ambulatory care visits, including day surgery, outpatients' clinics, cancer clinics, and emergency department visits. In addition, we used 4 databases derived from validated case definitions: the Ontario Diabetes Database (ODD), 14 the Congestive Heart Failure (CHF) Database, the Hypertension Database (HYPER), 15 and the Ontario Myocardial Infarction Database (OMID).
We used OHIP to identify patients who had a neck dissection and a combination of CIHI-DAD, OHIP, ODD, CHF, HYPER, OMID, NACRS, and RPDB to define patient characteristics, baseline comorbidities, and report patient outcomes. Diagnoses and procedures were defined using the International Classification of Diseases, ninth revision (ICD-9; pre-2002), 10th revision (ICD-10; post-2002), Canadian Classification of Health Interventions (CCI; post-2002), and Canadian Classification of Diagnostic, Therapeutic, and Surgical Procedures (CCP; pre-2002) codes. Whenever possible, we applied database codes that have been validated with chart review. 14, [16] [17] [18] [19] [20] 
Patients
We included patients 18 years of age and older with a billing code of a comprehensive neck dissection or radical neck dissection between the years 1995 to 2012. We restricted our cohort to patients who were residents of Ontario and who had no prior history of carotid occlusion, aneurysm repair, or carotid body resection (Supplemental Table 1 , http://links.lww.com/ MD/A323). We also excluded patients who had a limited neck dissection (OHIP code R910) as some of these patients would have had a central compartment (level 6) neck dissection with no exposure of the carotid arteries. We further excluded patients who were not hospitalized for the neck dissection. The date of the procedure code for neck dissection served as the start time for follow-up (also referred to as the index date).
We obtained information on the patient diagnoses and other baseline characteristics (age, sex, socioeconomic status, and residency status) on the surgery date. We assessed the comorbidity status of our cohort using health care records in 3 years preceding the surgery date, including the Charlson comorbidity index. 21, 22 To compare the incidence of ischemic stroke in patients undergoing neck dissection to patients undergoing non-head and neck surgery, we performed a 1-to-1 match between our cohort with patients who received surgery for thoracic surgery (pneumonectomy and lobectomy), colectomy, coronary artery bypass grafting (CABG), and hip replacement. These 4 nonhead and neck surgeries (thoracic surgery, colectomy, CABG, and hip replacement) are performed on a similar patient demography and they are distant from the carotid artery. Matching criteria included exact age (AE1-year difference), sex, year of surgery, Charlson comorbidity index group (0, 1-2, 3 or more), history of congestive heart failure, history of atrial fibrillation, history of diabetes, history of hypertension, and history of previous stroke. Ontario health insurance plan surgical procedure codes for matched surgeries are listed in Supplemental Table 2 , http://links.lww.com/MD/A323.
Outcomes
We assessed the primary outcome of ischemic stroke in 30 days following surgery using ICD-9 and ICD-10 codes (see Supplemental Table 3 , http://links.lww.com/MD/A323). This set of ICD codes for ischemic stroke has been well validated for administrative hospital discharge databases.
18,23-26
Statistical Analysis
We calculated the 30-day incidence of stroke after neck dissection surgery. We performed a Cochrane-Armitage trend test to determine whether the risk of ischemic stroke following neck dissection has changed during 3 time periods (1995-2000, 2001-2006, and 2007-2012) . We used multivariable logistic regression to assess the association between baseline characteristics and the occurrence of stroke amongst the neck dissection cohort. These included age, sex, the type of tumor requiring neck dissection (mucosal head and neck malignancy, thyroid malignancy, malignant melanoma, skin, salivary gland, other diagnosis), previous radiation, year of surgery (1995-2000; 2001-2006; 2007-2012) , emergency surgery, and history of congestive heart failure, diabetes, hypertension, atrial fibrillation, or prior stroke. We applied a log-binomial model with clustering on matched pairs to compare the incidence of ischemic stroke between the neck dissection cohort and matched patients undergoing non-head and neck surgeries, adjusting for patients who had emergency surgery. Using this log-binomial model, we included a time interaction term for neck dissection compared with thoracic surgery, abdominal surgery, hip replacement, and coronary artery bypass graft adjusting for emergency surgery to determine if there was a time interaction.
We conducted all analyses with SAS software (version 9.3, SAS Institute Inc., Cary, North Carolina). We interpreted P values <0.05 as statistically significant.
RESULTS
Baseline Characteristics
From January 1, 1995 to December 31, 2012, 16,646 patients had a neck dissection in Ontario, and 14,837 patients met study inclusion criteria ( Figure 1 ). Neck dissections for 14,837 patients in our study cohort were performed at 115 unique Ontario institutions during the study period. Twenty-two percent (N ¼ 3321) of patients had a bilateral neck dissection. Demographic characteristics of the patients are listed in Table 1  and Supplemental Tables 5 and 6 , http://links.lww.com/MD/ A323. The majority of the patients were men 66% (N ¼ 9788) and the median age was 61 years (interquartile range 50-71). Fifty-one percent (N ¼ 7533) of patients were diagnosed with mucosal head and neck cancer, followed by thyroid cancer (15.3%, N ¼ 2264). The most common comorbidities were hypertension (N ¼ 6583, 44.4%) and diabetes (N ¼ 2455, 16.5%).
Primary Results
The rate of perioperative ischemic stroke within 30 days of neck dissection was 0.7% (N ¼ 101). For patients who were diagnosed with mucosal head and neck malignancy, the rate of ischemic stroke was 0.8% (N ¼ 62) and for patients who were diagnosed with thyroid malignancy, the rate was (0.2%) (N 5). The rate of ischemic stroke decreased during the study period from 1.1% (N ¼ 40) in the era 1995 to 2000 to 0.3% (N ¼ 21) in the era 2007 to 2012 (P < 0.0001) ( Table 2 ). The rate of ischemic stroke in patients undergoing bilateral neck dissection was 1.0% (33 patients of 3288 undergoing bilateral neck dissection). The rate of stroke in patients undergoing unilateral neck dissection was (0.6%) (68 patients of 11,516). The difference in stroke rate between patients undergoing unilateral and bilateral neck dissection was statistically significant (P ¼ 0.01).
When matching 1-to-1 between neck dissection patients and non-head and neck surgeries, we achieved complete match for 10,026 (67.6%) patients for thoracic surgery, 13,365 (90.1%) patients for colectomy, 12,421 (83.7%) patients for hip replacement, and 12,608 (85.0%) for patients undergoing CABG. A comparison of the baseline characteristics of patients undergoing neck dissection compared with non-head and neck surgery is summarized in Supplemental Table 4 , http://links. lww.com/MD/A323. Compared with the incidence observed in neck dissection (ranging from 0.6% to 0.7% for retained patients in each cohort), matched patients undergoing thoracic surgery had a rate of ischemic stroke of 0.5% (P ¼ 0.26), colectomy 0.5% (P ¼ 0.1), CABG 1.2% (P < 0.001), and hip replacement 0.2% (P < 0.001) ( Table 3 ). The incidence of ischemic stroke in patients undergoing thoracic surgery (P for trend 0.41), colectomy (P for trend 0.74), and hip replacement (P for trend 0.19) was not decreasing during time (Figure 2 ). The incidence of ischemic stroke in patients undergoing neck dissection (P for trend <0.0001) and CABG (P for trend <0.0001) was decreasing during time ( Figure 2 ). Using an interaction term (type of surgery and time) in the log-binomial model, we found that there was no statistical evidence that the rate of ischemic stroke was declining more for neck dissection compared with other surgeries. 
Predictors of Ischemic Stroke
DISCUSSION
It has been suggested that there may be an increased risk of stroke in patients undergoing neck dissection owing to manipulation of the carotid artery, neck extension, and hemodynamic disturbances. In a population-based cohort of patients undergoing neck dissection, we found that the incidence of perioperative ischemic stroke was 0.7% and this incidence has declined in more recent years with a rate of 3 per 1000 patients in most recent years. The rate of ischemic stroke in patients undergoing neck dissection was similar to the rate of ischemic stroke in age, sex, year of surgery, and comorbidity matched patients undergoing thoracic surgery and colectomy of similar duration, suggesting that manipulation of the neck or its contents does not play a role in postoperative stroke risk. We established preoperative predictors of ischemic stroke risk in patients undergoing neck dissection that can be used to help guide clinical practice.
To our knowledge, this is the first population-based study to report the rate of ischemic stroke in patients undergoing neck dissection. Nosan et al 3 described a case series of 105 head and neck cancer patients, 4.8% of which had a postoperative stroke after undergoing head and neck surgery. Their study was limited by small sample size and low event rate (N ¼ 5). Thompson et al studied patients undergoing neck dissection for head and neck cancer at 3 centers between 1994 and 2002. One patient in their cohort (0.2%) was confirmed to have had a perioperative stroke amongst 499 patients studied. 11 The at-risk population used for the denominator by Thompson et al 11 was the total number of neck dissections instead of the total number of patients and may account for the lower incidence rate of ischemic stroke compared with our result. Amongst patients undergoing surgery for head and neck tumor (20,057 patients), Mashour et al 1 found that the incidence of perioperative stroke was <0.1% (7 patients). It is unclear, which surgical procedures were included in this group and the diagnostic criteria used for the stroke outcome. Compared with previous studies, we included a large number of patients with a well-defined procedure code and validated outcome of ischemic stroke. In addition, the Final neck dissection cohort n=14837
Excluded n=1809 » 7 patients non-Ontario residents » 1351 patients who had previous neck dissection » 84 patients with history of carotid occlusion, carotid aneurysm repair or carotid body resection » 367 patients who were not hospitalized for neck dissection discrepancy between our overall rate of ischemic stroke and that reported by other studies may be explained by our observation of decreasing incidence of ischemic stroke during time. That is, earlier studies 3 reporting higher incidence of stroke and later studies reporting lower incidence of stroke 1 are consistent with our findings of decreasing incidence during time.
The results of this study support the findings of previous studies that have examined predictors of stroke risk. We found that known risk factors for ischemic stroke were also predictive of increased risk of perioperative stroke. Patients over 75 years of age and those with a history of diabetes, hypertension, and previous stroke were at increased risk of perioperative stroke. Predictors of perioperative stroke in the noncardiac, nonneurologic surgical population identified in other studies were of age !62 years, myocardial infarction within 6 months of surgery, renal disease or dialysis, history of stroke or transient ischemic attack, hypertension, chronic obstructive pulmonary disease, congestive heart failure (or ejection faction <40%), atrial fibrillation, deep vein thrombosis, diabetes, urgent or emergent surgery, peripheral vascular disease, and patients who were current smokers. 1, 27, 28 Differences between the predictors of ischemic stroke in our study compared with other studies have several possible explanations. Our databases may lack the sensitivity to detect all preoperative conditions such as congestive heart failure or atrial fibrillation (6.3% of patients in our study had a diagnosis of congestive heart failure and 2.3% had a diagnosis of atrial fibrillation). There are differences in the definition of preoperative comorbidities between our study and other studies. 1, 28 For example, the prediction models described by Charlesworth and Mashour for ischemic stroke are based on clinical databases, not administrative databases. 1, 28 The prediction models by Selim and Charlesworth include congestive heart failure; however, these models are developed from CABG, which is longer in duration and has more significant hemodynamic changes than neck dissection. 1, 28, 29 Furthermore, the prediction model developed by Likosky 30 , which includes atrial fibrillation is based on intra-and postoperative diagnoses and not preoperative comorbidities, which our study was based on. Our data together with published stroke prediction models can be used to counsel patients before neck dissection and ensure that medical comorbidities are optimized preoperatively.
The incidence of ischemic stroke in patients undergoing neck dissection is decreasing during time (1.1%-0.3%, P value <0.0001 trend test). Overall, the incidence of ischemic stroke is stable in all non-head and neck surgeries, including thoracic surgery, colectomy, and hip replacement but decreasing for CABG (Figure 2) . Statistically, this magnitude of decline in stroke rate for neck dissection was not significant compared with non-head and neck surgeries. The reasons for a declining stroke rate are unknown; however, there are several possible explanations. This may be because of an improvement in the intraoperative management of hemodynamic status, better perioperative care of surgical patients, improved selection of patients for surgery, or preoperative optimization of risk factors for ischemic stroke. Specifically, for the procedure of neck dissection, the use of radical neck dissection has decreased during time coinciding with an increased use of selective neck dissection in patients with node positive disease. 31 Given the similar rate of ischemic stroke in patients undergoing thoracic and abdominal surgery that was demonstrated in CABG ¼ coronary artery bypass graft; CI ¼ confidence interval; RR ¼ relative risk. RR adjusted for emergency surgery. Matching criteria included age (AE1 year), same sex, same year of surgery, same Charlson group (0, 1-2, and 3 or more), history of congestive heart failure, history of diabetes mellitus, history of atrial fibrillation, history of stroke. Thoracic surgery included pneumonectomy and lobectomy. our study, manipulation of the carotid artery and neck extension is less likely a cause of ischemic stroke. The low rate of ischemic stroke after hip arthroplasty may point to hemodynamic instability during general anesthetic as a plausible explanation. This is supported by two observational studies of patients undergoing hip arthroplasty in which general anesthesia was an independent predictor of postoperative stroke. 32, 33 In patients undergoing noncardiac surgery, the POISE trial suggested that significant intraoperative bleeding may be a risk factor for stroke. 34 Intraoperative hypotension has also been shown to increase the risk of perioperative stroke; however, the association is poorly defined. 35 We were unable to determine how many patients in our study had a regional anesthetic or significant intraoperative hemodynamic changes given the limitations of our databases. As expected, we found that the rate of stroke was highest for patients who had a CABG. This stroke rate, which was derived from a cohort matched on age, sex, and comorbidity is slightly lower than the reported rates from the literature. 29 Intraoperative and postoperative factors, such as cardiopulmonary bypass and aortic cross-clamp time, arrhythmias, hypotension, and heart failure are plausible causes for the higher rate of stroke for CABG. 29 Further research is needed to clarify the intraoperative risk factors for perioperative stroke in patients undergoing noncardiac and nonneurologic surgery.
Strengths and Limitations
The conclusions of this study should be considered in the context of its strengths and limitations. Because this is a retrospective cohort drawing on hospital discharge, many of the potential limitations are inherent to large administrative databases. We cannot exclude the possibility that data-entry errors may have occurred and not all variables of interest, including some potential confounders, are available, including previous use of chemotherapy, radiotherapy doses and planning type, laterality of stroke, and smoking status. In our dataset, the code for neck dissection does not differentiate between radical, modified radical, or selective neck dissections. The sensitivity of the code for ischemic stroke is well validated in Ontario's administrative databases but it has not been validated specifically in the postoperative setting. The outcomes measured herein, however, are derived from a very large sample size with extended follow-up to 30-days postoperative and used a population-based design from a cohort of patients with comprehensive, universal health insurance, thereby minimizing selection bias. Although the rates of stroke we describe are estimates at the 30-day time-point, in distinction to longer-term actuarial estimates, the likelihood of stroke being attributed to an operation would likely diminish during time.
CONCLUSIONS
Our study suggests that the incidence of perioperative stroke in patients undergoing a neck dissection is 0.7% and has decreased during time. We report the first population-based study to determine the incidence of this common procedure performed for head and neck cancer patients. This information may help to counsel patients preoperatively on their risk of perioperative stroke. Most importantly, our results indicate that exposure of the carotid artery during neck dissection does not increase the risk of perioperative ischemic stroke. Future research should focus on determining reversible factors to mitigate stroke risk as well as the development of a stroke prediction score for neck dissection surgery.
